Nine conjugated acid derivatives from monoterpene citral have been synthesized using ester, amide condensations, Wittig, Knoevenagel, Baylis-Hillman reactions and their antimicrobial activities were evaluated through disc diffusion and serial dilution methods. Several derivatives displayed interesting antimicrobial activity. Particularly, the Baylis-Hillman adducts 8-10 were found to have more potent antibacterial and antifungal activities than standard drugs namely chloramphenicol and nystatin respectively. Scheme 1: Synthesis of conjugated acid, esters and amide derivatives from citral.
Microorganisms, particularly bacteria, are becoming resistant to more and more antimicrobial agents. Bacteria found in hospitals appear to be especially resistant and are causing increasing difficulty for the sick patients, particularly those in the hospitals. Currently, bacterial resistance is combated by the discovery of new antibacterial molecules. Therefore, there is an urgent need for detecting antimicrobial activity of new molecules. Lemongrass oil contains many monoterpene compounds and citral is the major component present at the levels of approximately 65-85%.
Citral (3,7-dimethyl-2,6-octadienal) has several medicinal and agrochemical uses. It has been found to display antibacterial [1a,1b] and antifungal activities [1c-1e] . This compound also exhibits anti-leishmania [1f], anti-sarcoma [1g], insect pheromone [1h,1i] , larval phototoxic [1j], muscle relaxant [1k] activities. We report herein the synthesis of conjugated acid derivatives from citral and evaluation for their antimicrobial activity.
The ethyl ester 2 was synthesized form citral (1) through Wittig reaction with tripheny1-(carboethoxymethylene)phosphorane with a minor modification of reported procedure [2a] (Scheme 1). The basic hydrolysis of the ester 2 gave diene acid 3. Alternatively the diene acid 3 was synthesized from citral using Knoevenagel condensation with malonic acid in the presence of triethylamine. The diene acid 3 was converted to acid chloride by the treatment with POCl 3 and the resulting acid chloride was treated with the corresponding amines to give amides 4 and 5. Similarly, the esters 6 and 7 were synthesized from acid 3 through the treatment with POCl 3 , followed by the reaction with the corresponding alcohols [2b]. The Baylis-Hillman reaction [3a] of citral with activated vinyl derivatives in the presence of DABCO gave the derivatives 8, 9 and 10. The structures of the products were confirmed by IR, UV, 1 H NMR and MS spectral analysis.
The compounds 2-10 were evaluated against bacteria (Staphylococcus aureus, Corynebacterium diptheriae, Klebsiella pneumoniae, Escherichia coli) and fungi (Aspergillus niger, Candida albicans) by disc diffusion and serial dilution methods [3b,3c] . The results are mentioned in Tables 1 and 2 respectively. Several derivatives displayed significant antibacterial and antifungal activities. In particular, the Baylis-Hillman adducts 8-10 displayed more potent antibacterial and antifungal activities than standard drugs namely chloramphenicol and nystatin respectively. a Minimum inhibitory concentration in µg mL -1 (X) and Zone of inhibition (diameters) in mm (Y) of the synthesized compounds (30 µg /disc).against bacterial strains by micro dilution method and disk diffusion method respectively. b Chloramphenicol (30 µg /disc) was used as reference standard. In conclusion, nine conjugated acid derivatives of monoterpene citral were synthesized and their antimicrobial activities against bacteria and fungi were evaluated. Several derivatives displayed potent antimicrobial activity. In view of easy availability of starting material citral, the ease of synthesis of derivatives and potent anti-microbial activity this report assumes greater significance.
Experimental
General: IR spectra were recorded on Perkin-Elmer spectrum one spectrometer. 1 H NMR spectra were recorded on Varian 60 and 400 MHz spectrometers in CDCl 3 with TMS as internal standard. HRESMS was recorded on a LCT time-of-fight mass spectrometer with an electrospray interface and chlorogenic acid as internal standard. UV spectra were recorded in MeOH on Perkin-Elmer Lamda-25 spectrophotometer. Silica gel (100-200 mesh), which was used for Column Chromatography (CC) was activated by heating at 120C for 4 h. Products were obtained as colorless to pale yellow liquid.
Ethyl 5,9-dimethyl-deca-2,4,8-trienoate (2): To a solution of citral (5.0 g, 32.46 mmol) in anhydrous EtOH (10 mL) was added triphenyl-(carboethoxymethylene)phosphonium chloride (12.48 g, 32.5 mmol), under N 2 and to this mixture was then added NaOEt (2.24 g, 32.9 mmol) in anhydrous EtOH (10 mL 5,9-Dimethyl-deca-2,4,8-trien-N-(2-carboxy-pyrrolidine -1-yl)-amide (4): A mixture of acid 3 (0.50 g, 2.57 mmol) and POCl 3 in DCM (0.3 mL in 5 mL) was heated on water bath for a period of 1.5 h. The reaction mixture was cooled, excess POCl 3 was removed in vacuo to give acid chloride. The acid chloride thus obtained was dissolved in Antibacterial activity of citral derivatives Natural Product Communications Vol. 6 (9) 2011 1223 anhydrous acetone (6 mL) and a mixture of proline (0.30 g, 2.60 mmol), K 2 CO 3 (0.18 g, 1.30 mmol) and acetone (6 mL) was added and the resultant reaction mixture was stirred at room temperature for 2 h. The solvent was removed in vacuo and the residue was purified by CC over alumina, the elution with petroleum ether/EtOAc (1:9) afforded amide 4 (0.15 g, 20% (5): The acid 3 (1.0 g, 5.15 mmol) in DCM, under a N 2 atmosphere was treated with POCl 3 in DCM (0.6 mL in 10 mL) with cooling at 0º C and was heated on water bath for a period of 1.5 h. The reaction mixture was cooled; the excess POCl 3 was removed in vacuo to give acid chloride. To this mixture was then added Et 3 N (0.30 mL) and N',N'-diethylaminopropylamine (0.8 g, 6.2 mmol). The reaction mixture was stirred for 5 h, the ice cold H 2 O was added to the reaction mixture, extracted with CH 2 Cl 2 and the organic layer was washed with aqueous NaHCO 3 solution. The CH 2 Cl 2 layer was dried over anhydrous Na 2 SO 4 . The removal of the solvent and purification of the residue by CC over silica gel and elution with petroleum ether/ EtOAc (1:1) gave amide 5 (1.48 g, 93% N,N-Dimethylamino-ethyl 5,9-dimethyl-deca-2,4,8 trienoate (7): The acid 3 (1.0 g, 5.15 mmol) in CH 2 Cl 2 (10 mL) was converted to acid chloride as described above and to this Et 3 N (0.30 mL) and (N,N-dimethyl)aminoethanol (0.55 mg, 6.15 mmol) were added. The reaction mixture was stirred for 5 h. The usual workup gave a crude product, which was purified by CC over silica gel using petroleum ether/ EtOAc (2:8) as eluent to give ester 7 (1.13 g, 83 % General procedure for the preparation of Baylis-Hillman adducts 8-10: A mixture of citral (0.092 g, 0.6 mmol), activated alkene (3 mmol), and DABCO (0.5 wt eqv.) was stirred at room temperature for 5 d. The reaction mixture was diluted with ether (20 mL), washed with 2N HCl and H 2 O. The organic layer was dried over anhydrous Na 2 SO 4. The solvent was evaporated and the residue was purified by silica gel CC and elution with HOAc/Hexane (2:8) provided the corresponding Baylis−Hillman adducts 8 (83 mg, 68%), 9 (89 mg, 62%) and 10 (0.1 g, 72%). 
5,9-Dimethyl-deca-2,4,8-trien-N-(N',N'-diethylamino propyl)-amide

3-Hydroxy
Antibacterial activity evaluation
Disc diffusion method:
The solution of test compounds were sterilized and were loaded on the sterilized filter paper disc in the required concentration and were allowed to dry for 45 minutes. Nutrient agar and nutrient broth were measured and autoclaved. The molten nutrient agar was poured on the sterile petri plates and was allowed to solidify at room temperature in laminar airflow. The broth culture of required bacterial test organism (0.1 mL, 18 h old) was placed on to the surface of the solidified agar plate and spread while the plate was rotated slowly by hand. As soon as the agar plate was solidified, the test compound (25 µg =25 µL for antifungal and 30 µg=30 µL for antibacterial from stock solution of compounds 1 mg/mL in DMSO) was loaded on the disc and was pressed lightly into the agar with forceps and was incubated at 37°C for 24 h. The zone of inhibition was checked with digital Vernier Caliper meter in mm.
Minimum inhibitory concentration (MIC):
Broth dilution method was used to determine the MIC [3c]. The fresh microbial culture of afore mentioned strains was prepared and antibacterial activity of each test compound against each bacterium was examined as follows: in the test tube containing Mueller Hinton broth (Merck, Germany), a bacterial concentration of 5 × 10 5 colony forming units (CFU)/mL was tested with the compound (30 µg/mL and subsequent serial dilutions). Moreover, a tube of the Mueller Hinton broth containing the same bacterial concentration but without the test compound was used as negative growth control and a tube of Mueller Hinton broth containing the same bacterial concentration and DMSO without test compound was used as control to rule out antibacterial effect of DMSO. All test tubes were incubated at 37ºC for 24 h. After incubation, antibacterial activity of test compound was detected by lack of turbidity (matching the negative growth control). The turbidity was measured at 530 nm.
